likened them to either the iron-and manganeseenriched basal sediments documented along the ac¬ tively spreading East Pacific Rise (e.g., as described by Sayles and Bischoff, 1973; Piper, 1973) , or to metalenriched sediments associated with the Red Sea hot brines (e.g., Bischoff, 1969; Hendricks et al., 1969) . They concluded that volcanic or hydrothermal exhala¬ tions superimposed on slow rates of pelagic clay deposition could account for the color banding and mineralogical variations described above. This would involve periodic precipitation of iron and manganese hydroxides and sphalerite from the water column above, resulting from enrichment by exhalative processes. Vogt (1972) also suggests that the metal content in the Upper Cretaceous claystones is related to increased plume activity in the Atlantic at the time of their deposition.
However, a widespread increase in volcanic-hydrothermal exhalations may not be needed to explain the overall mineralogical and geochemical attributes of the multicolored claystones, and I propose instead the following hypothesis for their origin: a large reservoir of chemically reduced metallic ions existed in the anoxic pore waters of the thick black shale section below the claystones; these ions were mobilized, dif¬ fused upward, and precipitated rapidly in the oxidized zone of the slowly accumulating Upper Cretaceous clays.
Many modern deep-sea examples of manganeseand iron-enrichments in oxidized surface pelagic sedi¬ ments seem best explained as results of upward diffu¬ sion of dissolved species from chemically reduced sediment (e.g., Lynn and Bonatti, 1965; Li et al., 1969; Calvert and Price, 1972; Bonatti et al., 1971 ; see also Crerar and Barnes, 1974; and Elderfield, in press, for review) . The solubility of manganese and to some extent of nickel and cobalt in interstitial waters is controlled by redox reactions. Manganese seems to be most mobile under reducing conditions (Bonatti et al., 1971; Michard, 1971; Spencer and Brewer, 1971; Manheim, 1965) ; iron concentrations may be primarily dependent on dissolved sulfide concentrations and secondarily on carbonate alkalinity in anoxic environ¬ ments (Berner, 1971; Bonatti et al., 1971 ). There are a few detailed chemical studies of interstitial waters of anoxic sediments, but existing data (e.g., Brooks et al., 1968; Presley et al., 1972; Nissenbaum et al, 1972; Bonatti et al., 1971 ) demonstrate that significant amounts of manganese and iron, as well as certain tion. Because of the slightly higher solubility of manga¬ nese, it is likely that it would precipitate later than iron, thus creating successive layers of different chemical and mineralogical composition. The time involved (millions of years) and the overall compaction and upward migration of pore waters from below overcomes the objection of Elderfield (in press) concerning diffusion rates versus precipitation rates of manganese in vertical profiles. Although iron is usually not very mobile, owing to the dissolved sulfide control, as previously mentioned, there is evidence that abundant excess reduced iron existed in pore waters of the black shales. The presence of siderite at many levels in the black shales attests to the nearly total exhaustion of dissolved sulfide (Berner, 1971) . Thus, even after siderite precip¬ itation, iron was probably available for upward migra¬ tion. Small-scale examples of color banding and metaloxide enrichment above anoxic sediment in deep-sea settings have been noted by Bartlett and Greggs (1970) in the Pleistocene of the Atlantic, by Sevastoyanov (1968) in the Pleistocene and Recent of the Mediterranean Sea (above thin sapropels), and by Berger and von Rad (1972) from mid-Cretaceous clays above organic-carbon-rich nannofossil marl ooze in the Atlantic (Site 136, DSDP Leg 14). Upward movement of dissolved silica derived from dissolution of siliceous microfossils in the black shale section below may also have occurred, contributing to the formation of significant amounts of the zeolite clinoptilolite and perhaps montmorillonite in the lower part of the multicolored claystone (e.g., Site 105). There is no need to postulate alteration of volcanic components (there is no definite evidence of any having been present) to explain the zeolites or the montmorillonite. The presence of sphalerite, however, is an enigma, and I can offer no satisfactory explana¬ tion for its occurrence. It is especially concentrated near the base of the multicolored clays, nearest a possible trace metals, can be mobilized in a reduced form. I propose here that much of the excess iron and manga¬ nese in the Cretaceous multicolored claystones was derived by upward diffusion of dissolved ions, and also by advection of pore water from the compacting black shale sequence below. When the upward-diffusing, chemically reduced metallic ions reached a sufficiently oxygenated interface within the red clay zone, or at the sediment/water interface, rapid precipitation of iron and/or manganese hydroxides took place in conse¬ quence of drastically lowered solubilities under high Eh conditions (e.g., Berner, 1971; Crerar and Barnes, 1974; Bischoff, 1969) . This explanation provides a mechanism for color banding and mineral differentia- (Table 1) on a CaCoj-free basis; typical pelagic clays and metalenriched sediments represented (see Table 1 for key to localities and age).
source for sulfide in the organic-carbon-rich black shales, but the large amounts of zinc are baffling.
In conclusion, it is not necessary to assume a vol¬ canic source for certain metals and mineral assem¬ blages within the Upper Cretaceous multicolored clay¬ stones of the western Atlantic Basin. Diagenetic mobili¬ zation of redox-sensitive metals within anoxic pore waters of the Lower Cretaceous black shales and upward diffusion-advection into the oxidized claystones can account for the variable iron-manganese enrich¬ ment observed.
